Varicella-zoster virus (VZV) has been isolated and serially propagated in a continous cell line derived from a human malignant melanoma tumour. Human melanoma cells (HMC) have been further evaluated as a substrate for the production of cell-free virus and compare favourably with human embryo cells. Within 6o h after inoculation with VZV-infected cells, HMC monolayers incubated at 32 °C exhibited advanced syncytial cytopathic effect, and the overlying culture medium contained > io 2 p.f.u./ml. The cell pellet from a mechanically dispersed I5o cm 2 monolayer yielded lO 5 p.f.u, after sonic disruption, while the medium (' scraping medium') in which the cells had been harvested contained up to one log more infectious virus than was found in the cells from the same monolayer. When infected cells were subjected to Dounce homogenization, most of the infectivity was found in the nuclear fraction.
INTRODUCTION
Among the three human herpesviruses which can be grown readily in monolayer cell culture-herpes simplex, cytomegalovirus and varicella-zoster virus (VZV)-VZV is unique in that it remains closely cell-associated throughout the course of the infection. Serial propagation is accomplished by passage of infected cells, since so little infectious virus appears spontaneously in the culture medium (Weller, J953)-A major obstacle to further laboratory studies of VZV is the difficulty in obtaining sufficient yields of infectious cell-free VZV. The most successful method of obtaining cell-free virus has been sonic disruption oo22-I317/79/oooo-3192 $02.00~) I979 SGM I6
C. GROSE AND OTHERS of VZV-infected cells. were able to obtain titres of to 4 to lO 5 infectious particles per ml by sonication of VZV-infected thyroid cells which had been removed from the glass surface by o-o2 ~o EDTA. Brunell (I967) achieved similar yields of cell-free virus by sonication of VZV-infected human embryo lung fibroblast cells which had been mechanically dislodged. Grose & Brunell (I978) recently reported the isolation and propagation of VZV in cell lines derived from human malignant melanoma tumours. In growth kinetic experiments carried out at both 36 and 32 °C, a higher yield of infectious cell-free virus was obtained from cultures incubated at the lower temperature. Because of these findings, VZV synthesis at 32 °C in human melanoma cell (HMC) cultures has been further investigated. The yields of cell-free virus from the media and cellular components of infected cultures have been quantified. In addition, standard virological techniques have been employed to concentrate and partially purify cell-free virus. Special consideration was given to defining the methods which best preserved infectivity of the virion.
METHODS

Cell cultures.
A pigment-producing human melanoma cell (HMC) line, designated 'MeWo', was established from a malignant melanoma tumour (Grose & Brunell, I978) . The cells were grown in Eagle's minimum essential medium (MEM) supplemented with 2 mM-glutamine, i% non-essential amino acids, penicillin 0oo units/ml), streptomycin (IOO #g/ml) and i2. 5 % heat-inactivated foetal calf serum (FCS). The cells were maintained in the same medium with 2 % calf serum.
Source of virus. Vesicular fluid obtained from an 1 i-year-old boy with chickenpox was
inoculated into an HMC culture incubated at 32 °C. Within 4 days the cells developed a syncytial cytopathic effect (Fig. 0 . After fixation and staining, the infected cells were observed to have characteristic Cowdry type A inclusions. The virus isolate was confirmed as VZV and designated 'VZV-32' because of its isolation and continued passage at 32 °C (Grose & Brunell, I978) . For the experiments described in this report, passages Io to zo of VZV-32 infected cells were employed as inocula.
Plaque assay for infectivity. HMC monolayers were trypsinized and 2 x IO 5 cells in I ml MEM with I2"5 % FCS were placed into each well (I6 mm diam.) of a z4-well plastic tray (Linbro Scientific, Hamden, Conn., U.S.A.). When the monolayers were nearly confluent, they were inoculated with o'I ml of serially diluted virus suspension; each dilution was assayed in quadruplicate. After a I h adsorption at 32 °C, the inoculum was removed and replaced with I ml nutrient MEM overlay containing 5 % FCS and 0"5 % carboxymethylcellulose. The plaque assay was incubated at 32 °C in a humidified incubator with 5 % CO2. After 6 days the monolayers were fixed with formol-saline and stained with o.I % crystal violet. The plaques were counted with an inverted microscope at 25 times magnification.
Conditions for infection.
The virus strain VZV-32 was serially propagated by passage of infected cells. When cytopathic effect (c.p.e.) approached 90 %, the monolayer was harvested by trypsinization and the infected cells used immediately as inocula to infect other HMC monolayers. Generally a ratio of I infected cell to 4 uninfected cells was employed. After adsorption for I h at 32 °C, the inoculum was replaced with fresh medium and the infected culture was incubated at 32 °C.
Preparation of cell-free virus. Cell-free virus was prepared from VZV infected cells by three different methods. (i) The infected monolayer was dislodged with a rubber policeman into IO ml MEM. The cell suspension was centrifuged at I5OO rev/min for I5 rain to pellet the cells, which were resuspended in I ml of sorbitol buffer (Io% sorbitol in 0"05 M-tris, Cell pellet scraping medium (10 ml) Fig. 2 . Schema for harvesting a VZV-infected HMC monotayer. After the culture medium (from 25 to 5o ml) is removed, lo ml of fresh MEM is added to the flask. The cells are dislodged with a rubber policeman and sedimented by low-speed centrifugation. The supernatant ('scraping') medium is taken off, and the cell pellet is resuspended in I ml of sorbitol buffer.
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pH 7"4, and O'OOI M-MgCIz) and sonically disrupted (20 Hz) for 30 s. The sample was centrifuged again to remove cellular debris from the supernatant (Fig. 2) .
(ii) The infected monolayer was dislodged from the surface of the flask by the use of solid glass beads 3 mm in diam. (Schmidt & Lennette, I976) . About IO g of sterile beads in 4 ml MEM were placed into a 15o cm ~ flask and gently rolled over the monolayer for 2 min. The cell suspension was removed and sonicated as described in the first method. (iii) The infected cells were subjected to Dounce homogenization before sonication. After mechanical removal the infected cells were resuspended in 2 ml of reticulocyte standard buffer (RSB: o.oI M-NaCI, o'ooi5 M-MgC12, o-ol M-tris, pH 7"4) and placed in an ice bath for 5 min. The swollen cells were ruptured in a glass Dounce homogenizer with the 'A' pestle (Kontes Glass, Vineland, N.J.). The cells were observed by microscopy before and after the Dounce procedure to assure > 95% cell breakage. After homogenization, 60% sucrose (w/w) was added immediately to yield a final concentration of o.25 M. Nuclei were removed by centrifugation for 5 min at 200o rev/min, resuspended in 2 ml sorbitol buffer and sonically disrupted. Rabbit anti-VZV immune serum. A male New Zealand white rabbit received foot pad injections (2 ml) with equal amounts of cell-free virus (IO p.f.u./ml) andcomplete Freund's adjuvant. Six weeks later it received a similar booster injection. Serum drawn 2 weeks after the second injection, as well as a pre-immunization serum, were examined for VZV neutralizing antibody by the plaque reduction method. HMC monolayers were prepared in multi-weU plates as described for the plaque assay. Samples of serially diluted rabbit sera were mixed with equal amounts of cell-free VZV virus (~ : Io dilution). After incubation for I h at 32°C, o.I ml portions of the serum-virus mixture were inoculated into each of four wells of tissue culture from which the medium had been removed. After adsorption for I h, the inocula were replaced with a carboxymethylcellulose-overlay medium. The plaques were counted 6 days later. The pre-immunization serum had no anti-VZV activity (< t : IO). The post-immunization serum had a neutralization titre of x :800, as determined by the final dilution which gave a 50% reduction in plaque count. The same two sera were found by plaque-reduction assay to be devoid of activity against herpes simplex viru s type I, Mayo strain (titre < x:6).
Electron microscopy. Specimens were fixed for I h at room temperature in 3 % glutaraldehyde with o.I u-Sorensen's phosphate buffer (pH 7"2). Specimens were subsequently treated for I h at 4 °C with chromeosmium, dehydrated in ethanol and propylene oxide, and embedded in Epon 812 tissue culture flasks. Sections were cut using an LKB Um I ultra-I9 microtome with a diamond knife, and examined irI an AEI EM6B or Hitachi HU-rIC electron microscope. Virus samples were placed on Formvar-coated grids and were negatively stained with 1% (w/v) sodium phosphotungstate (pH 7.1).
Concentration of cell-free virus.
Three methods of concentrating cell-free virus were investigated. (i) Ultracentrifugation: sedimentation was performed at maximum forces from 27000 to 2ooooo g. Cell-free virus was resuspended in MEM with either IO% FCS or IO % sorbitol. After centrifugation, the sample was fractionated and the individual fractions assayed for infectivity. (ii) Dialysis against hydrophilic compounds: samples of cell-free virus were placed in dialysis tubing (mol. wt. cut-off I2OOO to 14000; Spectrapor no. 2, Spectrum Medical Industries, Los Angeles, Calif.) which was covered with either sucrose granules or polyethylene glycol (PEG; mol. wt. 20000) flakes. Dialysis was carried out at room temperature for 2 h. (iii) Polymer phase systems: two liquid systems were studied. The first method was described by Schloer & Breese (I977) and G. M. Schloer (personal communication). Dextran (tool. wt. ioooo) and PEG (mol. wt. 6000) were added to suspensions of cell-free virus to achieve final concentrations for both of Io% (w/v). The mixture was stirred overnight at 4 °C, and then centrifuged at 2000 rev/min for 3 ° min to separate the phases. The second system employed only PEG (mol. wt. 6000) to precipitate virus particles from cell supernatants (Adams, I973) . PEG (8 %, w/v) was added to cell-free virus suspensions whose salt concentration had been adjusted to 0-5 M. The mixture was placed at 4 °C overnight, after which it was centrifuged at I2OOO g for x h at 4 °C to sediment the virus.
Purification of cell-free virus. HMC monolayers were infected as previously described.
When c.p.e, reached 5o %, the growth medium was supplemented with o'5/~Ci/ml x4C-Lamino acid mixture (3t2 mCi/mmol) for 14 to 36 h. The infected cells were incubated alternately in MEM containing one-fifth the normal concentration of methionine and 3 #Ci/ml 35S-L-methionine (975 Ci/mmol).
Cell-free virus prepared by sonication of radiolabelled infected cells was layered on to I6 ml linear gradients of Io to 5o% (w/v) potassium tartrate (KT) in TE buffer (o-oo2 M-EDTA in o.oo2 M-tris, pH 7"4)-After centrifugation at 24ooo rev/min for 2 h at 4 °C in an SW 27 rotor (Beckman), the gradients were fractionated and analysed for radioactivity, infectivity and density. The fractions which contained both infectious virus and high radioactivity were examined by electron microscopy. In addition to the above procedure, cell-free virus was purified by centrifugation to equilibrium in positive density-negative viscosity gradients (Obijeski et al. I974) . These gradients were prepared in a gradient maker (Buchler Instrument Co., Fort Lee, N.J.) by mixing 8 ml of 3o% (w/w) glycerol in TE buffer with 7 ml of 5o% (w/w) KT in the same buffer. After addition of I ml of cell-free virus, the gradient was spun at 24000 rev/min for I8 h at 4 °C in an SW 27 rotor. The gradients were fractionated and assayed for radioactivity and infectivity. Equilibrium sedimentation of radiolabelled cell-free virus also was carried out in CsCI gradients adjusted to an initial density of 1-19 g/ml.
RESULTS
Yields of cell-free virus from infected cells and culture medium
Replicate HMC I5o cmz monolayer cultures (2 × Io 7 cells per culture) were inoculated with VZV-3z infected cells and harvested at the designated intervals post-infection (p.i.). After removal of the monolayer with a rubber policeman, the cells were sonically disrupted. Cell-free virus was detectable at r2 h p.i. and rose exponentially to a titre exceeding Io 5 p.f.u. per culture by 6o h p.i. when c.p.e, had reached 9o% (Fig. 3) . The culture medium (25 ml) was also assayed after low speed centrifugation (400 g for I5 min) to remove cellular debris. Time post-infection (h) Fig. 3 . Yields of cell-free virus from culture medium and HMC monolayers incubated at 32 °C. Replicate I5o cm 2 cultures were inoculated with VZV infected cells at a ratio of ~ inoculum cell to 4 uninfected cells. Before the infected monolayers were harvested, the culture medium (25 ml) was removed and assayed for infectious virus. The cells were mechanically dislodged, resuspended in x ml sorbitol buffer, and sonicated. A, Virus titre in the culture medium; ©--©, virus titre in the sonically disrupted cells; c.p.e. = cytopathic effect. Fig. 4 . Yields of cell-free virus from infected ceils. Two sets of 15o cm 2 HMC monolayers were inoculated with VZV-infected cells. Cultures in one set were dislodged with a rubber policeman into Io ml MEM ('scraping medium') while monolayers in the second set were harvested by agitation with glass beads in 4 ml MEM. The cells were pelleted, resuspended in I ml sorbitol buffer and sonicated. A--A, Virus titre in cells removed with a rubber policeman; I1--11, virus titre in cells removed with glass beads; O--O, virus titre in Io ml" scraping medium' after pelleting cells; c.p.e. = cytopathic effect.
Infectious virus was present in the medium when c.p.e, was 50 % and attained a peak titre of 4"o× Io 2 p.f.u./ml when the c.p.e, progressed to 9o% (Fig. 3) -When c.p.e, included the entire monolayer (> 99%), titres above ~o3p.f.u./ml could be attained in centrifuged culture medium, but the yield from the cell pellet never reached Io 6 p.f.u. In order to determine whether the mechanical method of cell dislodgement might affect the yield of cell-free virus, duplicate sets of infected monolayers were harvested with either a rubber policeman or glass beads. The infected cell samples were sonicated and titrated identically. The yields of cell-free virus at each time interval were almost the same regardless of the method employed to remove the monolayer (Fig. 4) .
Infectious virus in the 'scraping medium'
As described in Methods, the infected cells were mechanically dislodged from the plastic culture flask into Io ml MEM and pelleted by low speed centrifugation prior to sonication. The supernatant medium was also assayed and contained up to one log more infectious virus than that in the sonicated cell preparation from the same monolayer (Fig. 4) -The titre of virus in the 'scraping medium' increased as c.p.e, progressed and reached Io 5 p.f.u, with total yield of [o 6 p.f.u./culture. The amount of infectious virus remaining in the medium after harvesting with glass beads was not as high and appeared to depend on how vigorously the flasks had been shaken.
The nature of the infectious virus in the ' scraping medium' was further characterized by After sedimentation the cell pellets were resuspended in 2 ml RSB, allowed to swell for 5 min, and ruptured by ten strokes in a glass Dounce homogenizer. Nuclei were pelleted, resuspended in 2 ml of sorbitol buffer and sonicated. R--L Virus titre in nuclear fraction; 0--0, virus titre in cytoplasmic fractions; A--A, virus titre in 'scraping medium'; c.p.e. = cytopathic effect.
filtration and neutralization experiments. When equal amounts of virus suspension and rabbit anti-VZV immune serum (r : IO dilution) were mixed for ~ h and then inoculated into HMC cultures, the infectivity was completely neutralized. When 2o ml of virus suspension containing 1.5 x I@ p.f.u, was passed through an 8oo nm Millipore cellulose filter (Millipore Corp., Bedford, Mass.), only 8 x io 3 p.f.u, of infectious virus was recovered. Under the same conditions of filtration a sample of cell-free virus prepared by sonication of infected cells lost o. 5 log in titre. By electron microscopy, the 'scraping medium' was found to contain numerous virus particles as well as cell membranes and cytoplasmic organelles.
Infectious virus in nucleus and cytoplasm
Infected cell pellets obtained at increasing intervals p.i. were subjected to Dounce homogenization in order to determine the respective yields of infectious virus in the nuclear and cytoplasmic components. After homogenization as described in Methods, the nuclei were pelleted, resuspended in sorbitol buffer and sonicated. The nuclear supernatant and the cytoplasm were assayed for infectivity. At each time interval the titre of infectious virus in the nuclear fraction was higher than that in the cytoplasm (Fig. 5) . However, the total yield from the nuclear fraction remained about 2 logs lower than that found in the 'scraping medium' from the same infected monolayer (Fig. 5) .
Even though visualization by light microscopy demonstrated greater than 95% cell breakage after homogenization, examination of the nuclear fraction by electron microscopy revealed considerable cytoplasm attached to many nuclei (Fig. 6 ). This perinuclear material contained enveloped virus particles while the nuclei were filled with nucleocapsids.
Concentration of cell-free virus
Cell-free virus prepared by sonication of infected cells, as well as infectious virus in 'scraping medium' and culture medium, was subjected to concentration procedures in an attempt to increase the titre further. It was centrifuged at forces ranging from 27ooo to 2ooooo g for the time intervals from o'5 to 3 h. In every instance, pelleting was associated with considerable reduction in biological activity. The addition of a 6o % sucrose cushion did not prevent inactivation of infectious virus, nor was a difference noted when centrifugation was carried out at 20 °C rather than at 6 °C.
Reduction in volume of a cell-free virus suspension by dialysis against either sucrose or PEG did not result in a concentration of infectivity (Table I) . There was no fall in titre in a control sample of virus held at room temperature for 2 h.
In contrast to the above results, concentration with retention of biological activity was Fig. 7 . Sedimentation in KT gradients. Radiolabelled cell-free virus 003 p.f.u.)was layered on to a 16 ml Io to 50 % linear KT gradient which was centrifuged for 2 h at 1080o0 g (a). The gradient was fractionated and assayed for radioactivity. Every three fractions were combined and tested for infectivity. The three fractions with infectious virus were layered on to a second KT gradient and sedimented as above (b). Infectivity and radioactivity peaks were confined to fraction 8 which had a density of I'I8O g/ml. 0--0, 14C-radioactivity; O--O, infectivity; i--i, density.
achieved by both polymer phase systems (Table I) . A combination of IO~o dextran and Io% PEG in culture medium led to a sixfold increase in titre after separation of the PEG phase. Precipitation in the presence of 8 % PEG and high salinity resulted in the highest recovery of VZV from culture medium. Of the total infectivity in the original medium (3"75 × Io 4 p.f.u.) 2-5 x iO p.f.u, remained in the final 2 ml sample after a 75-fold reduction in volume.
Potassium tartrate sedimentation
Radiolabelled cell-free virus (1o 3 p.f.u./ml) was sedimented in a IO to 50% linear KT gradient (Fig. 7a) . The peak of radioactivity found at fraction 8 was examined by negative staining electron microscopy and contained numerous enveloped virus particles. Fraction numbers 8 to Io, which were pooled and dialysed, contained 50 p.f.u./ml. In five pools of the other fractions no infectious virus could be detected. When fractions 8 to IO were sedimented in a second Io to 50 ~o linear KT gradient, the radioactivity was mainly confined to fractions 7 and 8 (Fig. 7b) . Few virus particles could be seen by electron microscopy in the former and no infectivity (< Io p.f.u/ml), while the latter fraction demonstrated a greater number of virus particles as well as infectious virus. The percentage of enveloped particles in fraction 8 was also compared after the two sedimentations. In the first gradient, 33 % of the particles (377 counted) were intact enveloped virions whereas only 18 % (500 counted) were enveloped . Sedimentation in KT-glycerol gradients. Radiolabelled cell-free virus 004 p.f.u.) was layered on to a 16 ml KT-glycerol gradient and centrifuged for 16 h at io8ooo g. W h e n the gradient was fractionated a coincident peak of infectivity, radioactivity and absorbance was found in fraction 12.
, Absorbance; 0 --0 , 14C-radioactivity; 0 --© , infectivity. after the second centrifugation (Fig. 8) . The coincident peak of radioactivity and infectivity in the second KT gradient corresponded to a density of I-I8o g/ml.
Titre after second sedimentation (p.f.u.)
Potassium tartrate-glycerol sedimentation
Cell-free virus found in the 'scraping medium' as well as in the cell sonicate was centrifuged to equilibrium in viscosity-density gradients prepared with KT and glycerol (Fig. 9) . After one sedimentation the infectivity was confined to a single particulate band at the junction of the middle and lower third of the gradient. The band was removed, dialysed and layered on to another KT glycerol gradient. After a second sedimentation, infectious virus was again found in a particulate band at the same position. Although there was a considerable loss in biological activity during the first centrifugation, nearly all of the infectivity present in the first gradient was recovered in the second gradient (Table 2) .
Caesium chloride sedimentation
Infectious virus present in the medium of radiolabelled infected HMC cultures was precipitated by the addition of 8 % PEG. The virus was sedimented to equilibrium in a KTglycerol gradient and further purified by equilibrium centrifugation in a CsC1 gradient (density = 1.29 g/ml). The predominant peaks of radioactivity were found in the fractions with densities of 1"278 and 1-291 g/ml. These values correlate closely with densities (I-274 and 1.294 g/ml) previously found for enveloped and naked VZV particles respectively, in CsC1 gradients (Ludwig et al. 1972) . Even though observation of the lighter fraction revealed intact enveloped virions in discrete clusters and singly throughout the sample, infectious virus could not be recovered.
DISCUSSION
Previous studies of VZV have been performed in diploid cell lines, usually human embryo fibroblasts or amnion cells. With the discovery that VZV could be isolated and serially propagated in HMC cultures (Grose & Brunell, r978) , further investigations were undertaken to define the conditions for obtaining maximal yields of cell-free virus in this cell substrate. For infected cultures incubated at 36 °C, the highest yield of cell-free virus was obtained by harvesting before c.p.e, was extensive (Grose & Brunell, I978) ; however, at 32 °C the maximal yield was associated with advanced syncytial c.p.e. A possible explanation for this difference is provided by recent studies of cytomegalovirus (CMV) replication. In both murine (Muller & Hudson, I977) and human CMV infections (St Jeor & Hutt, I977), initiation of virus DNA synthesis appears to depend on the cell entering the S-phase of the cell cycle. The downward adjustment in incubation temperature may prolong the critical period during the S-phase and allow a greater number of cells to become infected.
Because of the virtual absence of infectious virus in the culture medium of VZV-infected fibroblast cultures, cell-free virus has been obtained by sonic disruption of VZV-infected cells. Various methods have been applied to dislodge the monolayers. Both chemical (EDTA) and mechanical (rubber policeman) means were successful, but trypsin destroyed infectivity (Brunell, I967). Because of one report which utilized glass beads to achieve high yields (Schmidt & Lennette, I976) , we compared two mechanical methods -glass beads and rubber policeman -and found them to be equal with respect to yield of cell-free virus from the sonicated cell pellet. The medium into which the infected cells were dislodged (' scraping medium') was also assayed after sedimenting the cells and found to contain considerable amounts of infectious virus. Electron microscopic analysis demonstrated numerous virus particles which were apparently released from ruptured syncytia when the cells were harvested. When VZV-infected cells were subjected to Dounce homogenization, the nuclear fraction contained the most infectivity. Electron micrographs of this fraction showed that it contained perinuclear material with vesicles filled with virus particles. The failure of Dounce homogenization to separate nuclei cleanly from cytoplasm may have been related in part to the extensive polykaryocyte formation.
In addition to the above investigations of the cellular phase, virus was also found in the culture medium in titres greater than io 2 p.f.u./ml. Although it was not ascertained whether this infectivity represented actively or passively released virus, the yield was higher than that found in culture medium overlying VZV-infected human embryo cell cultures (Weller, I953; Schmidt & Lennette, I976) . Observation by electron microscopy revealed both enveloped and naked virus particles.
Concentration of cell-free virus from sonically disrupted cells as well as that found in the 'scraping medium' and the culture medium was also examined. High-speed sedimentation of virus usually resulted in considerable loss of biological activity, as did reduction in volume by dialysis against PEG or sucrose. However, partition by liquid polymer phase systems containing PEG was associated with concentration of infectious virus. Albertsson (196o) defined the conditions by which liquid-liquid extraction could be applied to fractionation of macromolecules. These systems have been successfully applied to partition of other herpes viruses, including equine herpes virus (Perdue et aL I974), bovine herpes virus (Schloer & Breese, t977) and Epstein-Barr virus (Adams, I973) . Precipitation of infectious virus in VZV culture medium by the addition of 8 % PEG in the presence of high salinity was accompanied by as much as a 5o-fold increase in titre.
Purification of cell-free virus was achieved by sedimentation in density and densityviscosity gradients. Infectious virus was recovered after rate zonal centrifugation in linear KT gradients, although successive sedimentations appeared to be associated with loss of the virus envelope. Centrifugation of cell-free virus to equilibrium in KT and glycerol gradients was accompanied by a smaller reduction in infectivity. These same densityviscosity gradients have been applied toward the purification of rhabdoviruses (Obijeski et al. I974) and CMV (Talbot & Almeida, I977) .
A major hindrance to biochemical characterization of VZV has been the difficulty in obtaining sufficient quantities of virus. The present studies have documented sources of cell-free virus in a continuous cell substrate and have defined methods of concentration and partial purification which retained structural integrity and biological activity. The production of high titred VZV antiserum in a laboratory animal has also been described. Utilization of these procedures should permit further analysis of the infectious virion and its various antigens.
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